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Figure 1. Panel view of the Type 1800-A 
Vacuum-Tube Voltmeter. 


A NEW VACUUM-TUBE 
VOLTMETER 

• THE TYPE of pcak-rciulin^: vacunni-lulic 
vol I met or now oonsidoixHl standard in the 
communications industry wtis first intro- 
<luced by the (lonoral Ratlio ('ompany 
some ton ycai*s aj!;o wlion the Typt^ 72(wV 
Vacuum-Tube Voltmeter was announcetl.^ The novel desi^:n and excel¬ 
lent performance of this voltmeter has maintained its popularity over 
the interveninj*: years considerably beyond the time when advances 
in the art would normally necessitate a new desij»:n. The development, 
during this period, of new tubas, circuits, and construction techni(|ucs 
has, however, progras.sed continuously, and these now make it po.ssiblc 
to design a completely new instrument having even better performance. 
In the de.sign of the new 
Type 18(K)-A V^acuum-Tube 
\^)ltmeter, which replaces the 
Type 72()-.\, elTort has been 
directed to correcting the 
minor disadvantages that 
have been found in the older 
voltmeter as well as to in¬ 
corporating desirable new 
features that make the in¬ 
strument more flexible and 
convenient. 
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Somo of ilie.se dlsjulvaiitafijas were: 

1. The sJueJdin^ of the probe of the 
Type 72lK\ wixs not complete, and 
trouble with pickup from .strong fields 
at fretpicncies over about 50 Me wa.s 
sometimes encount(*red. 

2. Individual zero adjustments for 
each ranjje were u.sed in the Ty|K' 72f>A, 
and the.se sometimes ilrifteil from their 
eomxjt setting, so that readjustment of 
tlu* 2 <*ro when switching from range to 
range was lu'cessary. 

3. The voltage-regulating transformer 
in the Type 720-A was explicitly de¬ 
signed for one line fr(M|uency. In addi¬ 
tion, the transformer radialeil an appre- 
t’iable t>0-cycle field. 

•I. 'I'he Type 72t)-A probe was rela¬ 
tively btilky and diniiMtll to get into 
confincil spact*<. 

5. The Type 72t»-A meter was some¬ 
what difficult to read at a distance 
because* of the knife-islge pointer and 
was confusing because of the arrange¬ 
ment of the* .scales. Reflections from the 
ghi.ss were often bothei’some, and the 
light from the pilot light distnu'ting. 

ti. TIh* (‘abinet of the Ty|x? 720-A, 
while convenient for ordinaiy l)ench 
u.se, was rather large and could not 
leadily Im* used in other positioas than 
the normal one in which the panel was 
at a 15® angle to the horizontal. 

These (li.sadvantagt*s, with others of 
a more minor natmx', have all been 
eliminatetl in the Ty|H* 1800-A. and 
many new features have l>een atldetl. 
These include: 

1. 'Pile natural frequency of the probe 
has lam increased by nearly 3:1, and 
the gain in high-frt‘quency performance 
becau.se of the complete shielding is 
even greater. 

2. The input capacitance has l^een 
retluced by a factor of 2, and the parallel 
resistance component increa-sed fourfold 
at low fnMiuencies. 


3. An additional 0-0.5 volt scale has 
been added that extends the seasitivity 
by a factor of 3. 

4. A complete set of d-c scales has 
been added, covering the .same ranges 
as the a-c scales. 

5..A set of terminal parts ha.s l>een 
provided that make.s it possible to a.s- 
scmble, on the end of the probe, con¬ 
nectors that will fit all standard General 
Ra<lio Type 138. 274, and 774 terminals. 

G. The new iastrument Is smaller, 
lighter, and easier to use, 

7. It can be operated wit h the panel 
horizontal, vertical, or inclined. 

METER 

Figure 2 shows the arrangement of 
the five .scales on the face of the meter. 
The two outer .scales, 0 to 15 and 0 to 5. 
are linear. Gn these two scales are ivad 
all d-c voltages and all a-c voltages 
above 5 volts. The non-linear iiuier 
scales, 0 to 0.5, 0 to 1.5, and 0 to 5, are 
used only for a-c voltage measiu-ements 
of 5 volts or less. Tlie a-c scales are cali¬ 
brated to read the r-m-s value of a sine- 
wave voltage or 0.707 times the |>eak 
value of a voltage of complex wave 
shape. The acctiracy of all d-c ranges 
and all a-c ranges at low fretiuencies is 
db 2% of full scale. 

A mirror has been located betwexm 
the inner and outer groups of scales. Th<^ 
mirror, of cotirse, does not increase the 
accuracy of the voltmeter, but it does 
make it possible to read a voltage more 
precisely than when no mirror Is present. 
The extra precision of reading or set ting 
is most important when small differ¬ 
ences must Ik? observetl. Without a 
mirror, parallax makes it very diiricult 
to observe small movements of the 
pKiinter, esiK?cially when the attention 
of the observer must be removed mo¬ 
mentarily from the meter to some t)art 
of the circuit under test. With a mirror, 
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the eye can be placed precisely over the 
pointer for every reading. The upper 
portion of the pointer has been made 
knife-edge<l to facilitate further the pre¬ 
cise observation of small differences. 
The lower portion has been made broad 
so that the approximate position of the 
pointer can be seen from some distance 
away. 

Quite often small differences must be 
observed in an a-e volt:ige that is not 
properly read on one of the linear scales 
under the knife-edged portion of the 
pointer. If the voltage Is above approxi¬ 
mately 0.5 volt, the difference can be 
observed on the corresponding linear 
scale with only a small error. If the 
voltage is less than approximately 0.5 
volt, the difference read on the linear 
scale must he corrected for the non¬ 
linearity of t he a-K* scale. Of coume, t he 
actual voltage level, if it must l>e known, 
should 1)0 rear! on the correct a-c scale. 

The meter face is illuminated by two 
lamps iiTside the meter case. The illu¬ 
mination makes a i>ilot light unnecessaiy 
and eliminates bothersome reflections 
from the ghiss over the meter face. 

PANEL 

On the i)anel, in addition to the 
met(*r, are input terminals for a-c and 
d-c \'oltage measurenuMits, and three 
operating controls. The panel is shown 
in Figure 1. The d-c terminals, at the 


Figure 2. Clote-up of the meter scales. The legend at 
the left is carried to the top two scales by a line that, in 
this view, is hidden by the meter cose. 


upper left, provide two different input 
impedances. The input resistance at the 
vertical pair Is 10 megohms, while the 
horizont al pair apply t he voltage directly 
to lh(' grid of the d-c amplifier tul)(\ 
A link is provided to short-circuit the 
pair of terminals not being used. The 
a-c terminals, which can be used only 
wh(?n the prolte Is plugged into its 
position behind the panel, are at the 
upper right. The LOW terminal is not 
grounded directly to panel but is Iso¬ 
lated by a blocking condeaser. A short- 
circuiting link is provided to ground the 
LOW terminal if it is de-sired to do so. 
Internal comn'ctioas for a-c or d-c volt¬ 
age measurement are made l^y the com¬ 
bined power and selector switch located 
at the left under the meter. 

The center knob operates the 
VOLTAGE RANGE selector switch, 
which Ls used to select the appropriate 
voltage range for either a-c or d-tt 
measurements. The zero control is oper¬ 
ated by the knob at the right. The zero 
setting is iu)t changed by operation of 
the VOLTAGE RANGE switch, al¬ 
though slight readju.stmerit may be r(v 
(juired when the A-(' — D-C' switch is 
operated. The line fuses, located at the 
bottom of the panel, can be replactHl 
ivilh the aid of a screwdriver without 
removing the instrument from its 
cabinet. 
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CABINET 

The shielded walnut cabinet Is pro¬ 
vided with a storage compartment at 
the top for the prol)e and the various 
terminals supplied. Figure 3 ’is a view of 
the compartment with the probe 
plugged into position to allow asc of the 
panel a-c input terminals. There is a 
slot in each side of the cabinet for 
passage of the probe cable when the 
probe is used externally and the com¬ 
partment cover is closed. The two slots 
have proved to be very convenient 
when the probe must be used at some 
distance from either side of the in¬ 
strument. 

The voltmeter can be used without 
separate support in any one of three 
positions: vertical, horizontal, and in¬ 
clined. The three positions of u.se, to¬ 
gether with the small size and light 

Figure 4. Exploded view of the probe and the various 
terminol fittings. 


Rgure 3. View of the storage compartment at the top 
of the cabinet. The probe fittings ore stored here. The 
preliminary model used for this photograph has only one 
slot for the probe coble. Rnal models hove a slot on each 
side of the cabinet. 

weight, make the iastrument easy to 
use in practically any set-up. 

In an inclined position, the instru¬ 
ment Is supported by the metal carrying 
handle at an angle of approximately 30 
degrees from the horizontal. The handle 
locks automatically either in the vertical 
pKtsition, i.e., parallel to the panel, or in 
the horizontal position. It is released 
merely by pressing in on the handle 
near each hub. 

PROBE CIRCUIT 

The a-c input voltage is rectified by 
a diode, which, at input voltages over 
5 volts or so, gives a linear d-c voltage 
output very nearly equal to the peak 
value of the a-c input voltage. At lower 
voltages, the d-c voltage output tends 
to vary as the square of the a-c input 
voltage. Therefore, non-linear scales are 
needed for measurement- of a-c voltages 
up to 5 volts. 

The tube chosen for use as the diode 
rectifier Is the Type 9005 acorn tube. 
The 9005 was chosen because its natural 
frequency of 1500 megacycles is the 
liighest of any diode commercially avail- 


^ % 
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Figure 6. At shown here, the voltmeter con be used with 
the panel inclined, support being provided by the handle, 
which locks into position. 


able. Because of great care taken in 
the design of the probe containing the 
diode and the associated circuit elements 
(Hgure 4), the resonant frequency of 
the probe input circuit has been kept 
at 1050 megacycles — two-thirds as high 
as the resonant frequency of the tube 
itself. The high resonant frequency was 
obtained by making the probe small 
and compact and by minimizing the 
length of all input connections. The 
plate of the diode is coupled directly to 
the liigh input terminal by a button- 
type condenser, and the cathode of the 
diode is connected to the probe shell by 
a very short connecting strip. 

The resonant frequency of 1050 mega¬ 
cycles makes it possible to measure 
voltages over a wide frequency range 
without applying corrections. Up to 300 
Me, for instance, the maximum eri-or is 
dbl2% when the indicated voltage is 
0.5 volt or more. If the indicated voltage 
is less than 0.5 volt, the error will be 
larger because of the increase of the 
transit-time error of the diode. In 
Figure 5 are shown curves from which 



correctioas for frequency error can be 
obtained. The curves show that the fre¬ 
quency error caused by input circuit 
resonance is in the opposite direction 
from the transit-time frequency error. 
For iastance, at 0.5 volt indicated, the 
correction for transit-time balances the 
correction for resonance at 500 Me and 
the net error is zero. When accurate 
measurements are not necessary, the 
instrument can be used as a voltage 
indicator up to 2500 Me. 


Figure 5. Frequency cor¬ 
rection for a number of 
different indicated volt* 
oges. The curve marked 
00 is included to show 
the complete resonance 
effect. 
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Tlic traiisit-timi* (or prematuro-ciitofT) 
error varies directly witli the interelec¬ 
trode spacinji; and would, therefore, be 
less with a tulx^ having more closely 
spaced elements. The spacing, however, 
is only a few thou.siindlhs of an inch, and 
it seems impractical to dt'CTea.se this 
spacing without lowering the voltage 
rating to a point when* the* high-voltage 
limit would be too low for an instrument 
d(*signed to respond to voltages up to 
150 volts. 

An inspection of the cuiwes makes it 
clear that the premature cutoff, in gen¬ 
eral, contributes substantial errors at 
all voltages at frcMpiencies for which the 
resonancc^rise con-ections can be made 
with fair accuracy. The ptaformance of 
the instrument is therefore rather con¬ 
siderably determined by the limitations 
of the tube it.self, and further improve¬ 
ment in resonance-rise conditions would 
lead to only a minor inci-ea.se* in the use¬ 
ful freeiuency range. For this type of 
voltmeter, then, it would .seem that the 
practical high-fre(piency limit with e.xist- 
ing tubes had been ai)proached closely. 

The iLser mu.st remember t hat in order 
lo oblain the frec|uency characteristics 
given in Figure 5, he must be very 
careful when making connection to the 


prolx*. The relationship between the 
voltage at the probe terminals and the 
voltage that it Is desireil to measure at 
some point in a circuit de])ends upon the 
connections us(hI. The viiltage a])pli(*d 
to the j)robe Is that at its terminals, 
which is not neces.sarily the same its 
that at the far end of the connecting 
leads. At high freciuencies the connec¬ 
tion must be its short and direct as 
po.s.sible. 

The three types of terminals supidied 
for use with the jirobe are shown in 
Figure 4. lliey include a Type 274 plug 
terminal and Type 774 male and female 
coaxial terminals. A 50-olim disc-type 
resistor is su]>pli(*d for use with the 
coiLxial terminals. The metal cap shown 
directly in front of the probe Is used to 
attach all terminals to the probe. Th(*re 
are three ihreadeil holc^ around tlic* 
t*dge of the cap instead of only the one 
which is ii(‘ces,sary for attachm<‘nt of 
the Type 274 plug low terminal, d'he. 
three holes are jjroviiled .so that the cap 
can be fastened to a metal .sheet or 
other flat metal .siirfaci* when a mini¬ 
mum ground-connection inductance y 
desired. A hole in the metal sheet or 
.surface makes the liigh probi* input 
terminal acc(‘ssible. 



Figure 7. Plot of imped- 
once vs. frequency for 
the parallel components 
of input impedance. The 
equi/alent parallel co- 
pacitance is 3.1 ppf. 
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Al low enoiiKli that 

lii^luT input rupacitance aial lowor in¬ 
put natural fitaiuency are not iin- 
{airtant, the prolx‘ can he plu^^eci into 
position in the storage eorn part men t and 
the a-e voltage applied to the patiel a-e 
input tenuituils. 

The prolH) shell is equipped with a 
eyiitalrieal shield that hius an aixTture 
through which the difxle is ticcessihlc. 
Wlaai the shield is rotated until the 
aiK*rture into the proix* Is cIos<mI, the 
prolx‘ Is completely shielded. A molded 
hakelile sh(‘ll sli|^ over the pmhe and 
is held in place hy ati insulattMl tint, 
'riie e.\j)os(*d metal at the frotit end of 
th(‘ proho is the only exposed part of 
the prohe that, can he at a <l-c potential 
to ground, (’onnection to tla* d-c ampli- 
lier is made with a thn*e-wire, shielde<l 
cable ahout three feet long. 

When voltage measureimmts are mad<‘ 
on electronic circuits, or, f<ir that 
matter, on circuits of any kind, the 
measuring device should disturh the 
circuit Jis little as possible. That is, 
the input impedance of the meastiring 
device should he a.s high as possible. 
A lOO-megohm resistor is shunted across 
the diode ri‘Ctilier and another 1(H)- 
megohm resistor Ls c(»nne(Med in series 
with the lea«l from the dicale plate t<» 
the grid of the d-c* amplilier tube, d'he.se 
resistance valu(*s give an effect ivt* 
l)arallel input rc'sistance of 2o megohms 
at low fre<|Uencies. At high fre(|uencies 
the input rc^sistance is re<luced by (he 
Hoella effect* in the resistors and by 


increased 1 o.s.s4*«j in the <lielectrics. The 
input capacitance to the probe pro|xu- 
is alK)ut 3.1 micromicrofarads of winch 
0.8 micromicrofarad is the pla(t*-to- 
cathode capacitance of the diode. When 
the cap used for attaching the terminals 
Is screwed on tla* probe and the lype 
274 })lugs are used, the input capacitance 
is increastsl ab<nit 1 micromicrofarad. 
Figure 6 .shows curvets of probe input 
resistance and input reactance versus 
frectuency. The input reactance cur\'e Is 
<*alculated for an in])ut capacitance of 
3.1 micromicrofanids. 

Amplifier 

The bridge-type amplifier Is .shown in 
simplifietl form in Figure 8. The indi¬ 
cating meter is connected in series with 
the appropriate precision wire-wound 
rf*sistor betwisai the catliodes of the 
twin-triode voltmeter tube, V-3. The 
calhodi*s of V-3 are connecteil diri'ctly 
to the plates of V-*4, another twin 
triode. The latter tube is u.sed to provi<lc* 
high degeneration without using high 
values of resistan(!e from the cathcxle-; 
of V-3 to ground and, consequently, 
a liigh platen-supply voltage. Each triode 
section of V-4, together with its cathode 
resistor, tlie effect of a 7-m(*gohm in¬ 
cremental resistance to voltage chang(n*i 
from the cathcHie of V-3 to B-; yet the 
plate-supply voltage n(i‘tl be only lot) 
volt.s because of the low d-c drop in the 

* .M,. *'Sut noriiportAiiicitiii ullf hIIm frw|uoii«»* iti 

ulriiiii tipi ili rraii(it«*iixr oti'vafr uiaitc iipi nutiiM’imiiii.'* 
.I/M h'rruurnni, Vol. .'I, p. Ml!, April I1KU. 


Figure 8. Elementory schematic circuit diagram of the Type 1800-A Vucuum<Tube Voltmeter. 
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I iiIm*. Sincc! I Ik* iiKTcinoiK al resistaiiro 
from the V-3 cathodes to B- is hij|;h 
compared to the resistance of the meter 
circuit, the amount of degeneration is 
determined almost completely by the 
meter-c’ircuit resistance. At voltage 
ranges of 15 volts full scale and higher, 
the ilegcneration is sufficient to prevent 
tube changes from affecting the calibra¬ 
tion of the instrument. Controls are 
provided for adjusting the calibration 
of the 0.5, 1.5, and 5-volt a-c and d-c 
ranges in case it is ever necessary to 
change V-3. Change of any other tube 
except V-1, the diode rectifier, has no 
effect on the calibration. Changing V-1 
may require readjustment on the low 
a-c ranges. 

Input to the voltmeter tube, V-3, for 
a-c or d-c measurements is selected by 
the combined power and selector switch 
mentioned previously. The d-c input 
system provides an R-C filter to pre¬ 
vent any ripple voltage from reaching 
V-3. The desii*ed input resistance Is 
obtained by proper connection of the 
short-circuiting link at the panel D-C 
injiut terminals. The input resistance 
of the OPEN GRID circuit is deter¬ 
mined by the insulation resistance and 
the grid current which flows from V-3 
through the voltage source. When the 
a-c input is selected, a diode, V-5, and 
circuit identical to that in the probe is 
connected to the grid of the inactive 
triode of V-3. The puipose of this diode 
is solely to balance the voltage devel¬ 
oped at the other grid of V-3 from con¬ 
tact j)otentials and initial velocity of 
electrons in the probe diode. V-1 and 
V-5 must be selected so that each tube 
gives approximately the same value of 
initial developed voltage. The heater 
current for the two diodes, V-1 and 
V-5, is regulated with an Amperite 3-4 
ballast lamp in order to maintain the 


zero of the low voltage a-c ranges as 
stable as possible. 

Zero adjustment of the indicating 
meter is accomplished by adjusting the 
grid biases of V-3 very slightly. Bias 
adjustment is made on one grid to take 
care of large zero shifts such as may 
be encountered when V-3 is changed. 
Bias adjustment on the other grid, 
wffiich should be sufficient for all normal 
adjustment necessary during actual use 
of the instrument, is made with the 
panel ZERO control. A third zero con¬ 
trol is provided to adjust the a-c zero 
into coincidence wdth the d-c zero. The 
control varies the division of heater 
current between the tw o diodes, V-1 and 
V-5, and so changes the initial voltage 
developed by each diode. Coincidence 
of the two zeros is of interest only for 
the sake of convenience. Lack of coin¬ 
cidence has no effect on tlie accuracy of 
measurement. A change of resistance in 
series with the indicating meter, wffiich 
happens whenever the VOLT AGP] 
RANGE switch is rotated, has no effect 
on the zero reading. 

Power Supply 

In order to maintain an accurate, 
stable meter reading on the low-voltage 
ranges, the plate supply voltage must 
be held constant regardless of power-line 
voltage fluctuations. Stabilization of the 
plate-supply voltage is obtained by use 
of an electronic voltage-stabiUzing cir¬ 
cuit, consisting of tw’o vacuum tubes 
and two neon lamps. Both the shunt 
amplifier tube of the stabilizing circuit 
and the variable-resistance series tube 
aie miniature tyi>es. The voltage acros.s 
two neon lamps in series is used as the 
stable reference voltage of the system. 
When adjusted properly, the circuit 
maintains the plate-supj)ly voltage with¬ 
in a volt or two of 450 volts as the pow'er- 
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line voltage is varied from 105 to 125 
volt6». Heater voltage changes in all 
tubes except the two diodes, V-1 and 
V-5, have no appreciable effect on the 
meter reading. The heater current of 
V-1 and V-5 is, as mentioned above, 
regulated by a ballast lamp. 

The controls used for calibration and 
circuit adjustment are mounted on a 
shelf at the bottom of the chassis w here 
they are easily accessible when the 
iiLstrument is removed from its cabinet. 
All of the circuit elements of the volt¬ 
meter except those in the probe are 
mounte<l on the panel and a small, 
compact chassis. The chas.sis circuit ele¬ 
ments and the panel circuit elements 
are connected together with a flexible 
cable so arranged that the panel and 
ehas.sis may l>e swung apart to allow 
ea^y access to all portions of the circuit. 


Figure 9 shows a view' of the complete 
assembly and a view of the chassis and 
panel .separated to expose all parts of 
the circuit for servicing. The tw'o .se<;- 
tions are .separated by removing four 
screws and unsoldering two direct con¬ 
nections to the grids of the voltmeter 
tul)e, V-3. 

The Type 1800-A Vacuum-Tube Volt¬ 
meter has many advantages over the 
older T^^pe 726-A. It is smaller, lighter, 
and easier to use; it can measure d-c 
voltages; it is more stable against line- 
voltage changes; its input impedance is 
higher and its frequency range is sub¬ 
stantially greater. Mechanically and 
electrically, full advantage is taken of 
modem techniques and new components 
to produce an outstanding new volt¬ 
meter. 

A. Woodward, Ju. 


Figure 9. Two viewi of the chouii. At the right {> shown the complete assembly, while the view at the left shows 
how chassis and panel separate for servicing. 
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SPECIFICATIONS 


VolUge Range: 0.1 !*» ir»0 voUh. in mx ranKes 
(0.5, 1.5, 5, l.'>. 50, tunl 150 volu. full i«<r4ilc); O.Ol 
to 150 v<>ltH, d-4«, ill idx ningcH (0.5, 1.5, 5, 15, 50, 
iinri l.jO volt^, full si^le). 

Accuracy: D-(\ zt!2,^yc uf full nnihe on nil »*ix 
r:inKC!». ±2% of full sriile on all »lx riuiges 
for siiiuaoicliil volt.a»ces. 

Waveform Error: On the voltaite nuige.**. the 
in«trumc»nt operates a peak voltmeter eali- 
brated to read r-ni-s values of a aino wave, or 0.707 
of tlie peak value of a eoinplox wave. On tlislortofl 
w'avefornia the iwrrentatte deviation of the readinc 
from the r-m-.« value may be n» lartte as the |ier- 
eentrtjtc of harmonics present. 

Frequency Error: At hi«h frequencies resonance in 
the input eirouit and tran.sit-time effectB in the 
diode re<*tifier introiluco errors in the meter reiul- 
inir. The resonance effect c.aiises t he meter to rcail 
hiah and is in(le|>cndent t»f the applicsl voltage. 
The transit-time error ta a function of the aiiplicd 
voltage and tends to cause the meter to road low. 
The eur\‘eH of Figure 5 give the frequency correla¬ 
tion for several different voltage levels. It will lie 
noted that, at low voltages tlie trim.sit-time and 
resonance effects Icml to ennet*!. while at higher 
voltages the error is almost entirely due to re.s- 
onance. 

This voUmcf.cr may Ih> u.*m.*< 1 at frequencies as 
low as 20 cycles with a frequency error of less 
than 2%, 

Input Impedance: .\t low frcquencie& the equivalent 
parallel resistance of the a-e input circuit is 25 

_ ryp4) _ fhxcriptwn 
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megohms. At higher frequencies this resistaiuH* is 
reduced by h>saes in the shunt cnpaciumcc. The 
equivalent parallel capacitance at rrnlio frequen¬ 
cies is .'{.l^^f '’^ill* th*^ proix* cap and ping re¬ 
moved. .Vt audio frequencies this capacitanit* 
increases slightly. The prolw cap ami phig add 
upproximatci.v IgAif* The accompanying plot 
gives the variatiim of Rp and .V, >\ith fre<iuency. 

On the d-c ranges two values of input resistance 
are providoil. 10 megohiius and open grid. 

Power Supply: 105 to 125 volts or 210 to 250 
volts, .a-c. 50 to 00 cjxdes. The instrument incor¬ 
porates a voltage regulator to comiwnsute for 
supply variations over this voltage range. TTie 
power input is lo.ss than 25 watts. 

Tubes: Two Type 0(MI5, two Type 0SL7-(;T. one 
Type tiATO, one Type tK*4, one Type (iX 5-<^JT, 
one Type 3-1, and two Type 001 are used; all 
are supplied. 

Accessories Supplied: A seven-foot line connector 
I'ord, spare meter lauqis and fuses; Type 274 and 
Type 774 terminations and 50-ohm terminating 
resistor for prolie. 

Mounting: Black crackle finish uluminiim panel 
iiiounteil in u shieldeii walnut cabinet. The lairry- 
ing hundtc can Ik? set as a convenient support for 
tbe instrument when phiccil on a IkuicIi with the 
panel tilteil back. 

Dimensions: (Width) 7H*’ ^ (depth) 7*-^ x 
(height) 11 over-all. 

Net Weight: 13 imunds. 

_ fWi Witnl _ Pric*' _ 

. ^ I DUTAT I $.t05.00 


CATHODE-RAY NULL DETECTOR 
Now Available 


During the war, the Ty]>p 707-A 
Catlifkle-Ray Null Dctccttu* wa.^^ tom- 
purarily dlsoontinuod in order that i^ro- 
duction facilities might he eoncentmted 
on more urgent items. 


Rejieated iiujuiries from our cus¬ 
tomers have matle it evident that a 
(h'mand exists for this instnirnent, and 
we arc glad trO announce that it Is again 
available. 



The 'lype 707-A Catho<le-Ra; 
Detector was described in the fii 


TYPE 707-A C/ 

USES: ITiis visual null indicator 
tended for use as a balance detei 
bridge and other null-method mi 
ments at power-line and audio fr 
cies. When calibrated for a give 
(luency, it can be operated as £ 
indicator. It can also l)e used foi 
paring freqiKmcies by means of Li.« 
figiu*e.s or, when calibrated, u.sed 
a-c millivoltnieter. 

DESCRIPTION: The output of the 
is a])plied through an 80-db liighl}- 
tivc amplifier,* ojierating on the de 
ative principle, to the vertical defl 
plates of a one-inch cathod(vraj" 
The bridge generator voltage is a 
througli an adjustable phase-sl 
network to the horizontal plates 
tilteii ellijxse so formed is reduce* 
horizontal straight line at balance 


S 


input Impedance: One megohm. 

Sensitivity: 1.50 /xv at 60 cjdes; 200 to 3* 
1000 cj*clo8. 

Selectivity; 40 decibels ngnimif second bar 

Frequency Range: Plug-in units tune the a 
for any «lL*>ite4J operating frequency betv 
and 2000 cycles. Continuous tuning rang 
for each unit. 

Temperature and Humidity Effects: When 
struinent is oiierated under severe roudi( 
tenqieraturo and hiiniidit 3 ' some decrease i 
tivity and selectivity may be expected. For 
frequency tuning units the sensitivity ma: 
diiced by as much as G db, while for all ui 
selectivity to the second harmonic may bo i 
by 5 db. The above figures are for a relative 
iiy of 80% at 95* Fahrenheit. 

Controls: Panel controls are provided for ad 
the focus and brilliance of the cathode-ray (: 
the phase and amplitude of the horizontal sv 

Typ- _ _ 
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Tho r.vpe 707-A Cath<xle-Ruy Xull second editions of Catalog K. The 
Detector was descrihcd in the first and catalog descrij)lion U reprinted Ik*Iow. 


TYPE 707-A CATHODE-RAY NULL DETECTOR 


USES: 'I'liis visual null indicator Ls in¬ 
tended for use as a halance detectt>r in 
bridge and other null-method measure¬ 
ments at power-line and audio frecpien- 
cies. When calibrated for a given fre¬ 
quency, it can be o|)erated as a limit 
indicator. It can also Ik‘ used for com¬ 
paring frcsjueiicies by means of Lis.<ajotis 
figures or, when calibrated, iised a< an 
a-c mi Hi voltmeter. 

DESCRIPTION: The outimt of the bridge 
is a])plied through an 80-db highly selec¬ 
tive amplifier,*oi)orating on the degener¬ 
ative principle, to the vertical defltH*ting 
plates of a one-inch cathcxle-ra}* tulx*. 
The bridge generator voltage is ap])lie4l 
through an adjiLstable pliase-shifting 
network to the horizontal jdates. The 
tilted (^lli])se so formed is reduced to a 
horizontal straight line at balance. 


FEATURES: IndeiKJiident indicatioiLs are 
given of the efTcct of balancing either the 
1 ‘eactive or tlic resistive bridge control 
sei)arately. This ailds considerably to 
the speed and convenience of routine 
bridge measurements, and permits either 
bridge control to l)e balanced accurately 
without necessitating an accurate bal¬ 
ance of the other. Indication is also given 
of the direction off balance of either one 
of the bridge controls, chasen at wiU. 

Tliis null indicator cannot be injured 
by overloading and is iastantaneous in 
l^‘sponse and recovery. External fields 
do not affect its oi)eration, and it radi¬ 
ates no ai)prei‘iable field. 

For bridge balancing, it Ls less fa¬ 
tiguing than headphones and can be 
used in nois}^ locatioiLs. 

• U. S. Patent No. 2.l7a.42A 


SPECIFICATIONS 


Input Impedance: One megohm. 

Sensitivity: 150 mv at 00 cycles: 200 to 300/nv at 
KMM) cycles. 

Selectivity: 40 docil>eI.^ agniuHt sc(*oiid harmonic. 
Frequency Range: Pltig-iii units tune the anipli(ict 
for any de;«irod o|)crating fref|uenc>' between 20 
and 20iKl cycles. Continuou.<i tuning r.ange db5% 
for cucli unit. 

Temperature and Humidity Effects: Wben this in¬ 
strument is ur>oratcd under Hovore conditions of 
tcnit.>crature and humidity buino decrease in sensi¬ 
tivity and selectivity may l»e expected. For the low 
frequency tuning units the sensitivity may be re¬ 
duced by as much as 0 db, while for all units the 
selectivity to the second harmonic ntay be reduce<I 
by 5 dh. The above figures are for a relative humid¬ 
ity of 80% at 95® Fahrenheit. 

Controls: Panel controls are provtdeil for adjusting 
the focus and brilliance of the cathode-ray pattern, 
the phnsc and amplitude of the horuontal sweeping 


voltage, and the gain, selectivity, and tunuig t>f the 
amplifier. 

Accessories Supplied: A 7-foot line connector cord, 
spare pilot lamps and ftises, one Type 274-M IMiig, 
and one Type 274-NC Sliiclded Conductor. 
Accessories Required: One plug-in phasing circuit 
is used at any frequency l>eIow 400 cycles: one 
plug-in tuning unit for each operating fre<iuency 
u>e<l. These are not included in the price of the 
instrument. (Sec price list on page 12.) 

Power Supply: 105 to 125 volts, 40 to 60 cycles. 
Power Input: 20 watts at 60 cycles. 

Vacuum Tubes: One 6K7-G pentode, one 6F8-G 
twin triode, one 0J5-Ci triode, one 913 cathode-ray 
tulje, and one 6X5 rectifier; all are supplied witit 
the instrument. 

Mounting: Standard 10-inch relay-rack pauiel. 
Walnut end brackets are supplied for table nmunt- 

iiig. 

Dimensions: Panel. 19 x 7 inches: depth liehind 
panel. 9 inches. 

Net Weight: 29 (munds. 


_ Typt' _ Code. Word l*ricr 
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GENERAL RADIO EXPERIMENTER 


PLUG-IN UNITS FOR TYPE 707-A 

These units ure requiied for use with 
Type 7()7-A Cathode-Ray Null Detector 
and are not included in the price of that 
instrument. 

A phasing unit is necessary for opera¬ 
tion at any frecpiency behw 400 cycles. 


1 2 

CATHODE-RAY NULL DETECTOR 

At 400 cycles and above, none is re- 
(luired. A tuning unit is required for 
eacli operating frequency. The tuning 
range is ±5%. 

All units plug into mounting jacks 
provided inside the null detector. 


PHASING UNITS 

Type _ Description _ Code Word _ Prior 

707-PI I For Frequencies Below 100 cycles.| ntjlltecant I $8.00 

707-P2 I For Frequencies Between 100 and 400 cydesj Ntn.LTECBOY | 8.00 


AMPLIFIER TUNING UNITS 


Type 

Frequency 

Code Word 

Price 

707-P42 

42 cycles 

XDLLTECCAT 

$30.00 

707-P60 

50 cycles 

NUtXTECDOa 

30.00 

707-P60 

60 cycles 

NTJLLTECEYE 

30.00 

707-P100 

100 cycles 

NULLTECTAP 

30.00 

707-P400 

400 cycles 

xru.TEcno 

30.00 

707-PI000 

1000 cycles 

NOIXTECCfUM 

.30.00 

707-P2000 

2000 cycles 

XULLTECHIM 

30.00 


MISCELLANY 


W'e were jileased to welcome recently, 
as a postwar visitor, Mr. Lewis M. 
Lyons, a member of the firm of Claude 
Lyons, Ltd., who have for many years 
represtmted the General Radio Company 
in Grcat Britain. 

Other recent visitors to our plant and 
laboratories include our representative 
in Finland, Mr. K. L. Nyman of Jlel- 
sinki, who was accompanied by Mr. 
K. S. Sainio, Chief Engineer of the Fin¬ 
nish Broadcasting Company; Dr. Alfred 
P. De Qiiervain, .\ssistant Cliief En¬ 
gineer, Electronics Department, Brown- 


Boveri Company, Ltd., of Baden, 
Switzerland, and Mr. Robert C. Habich 
of Berne, Switzerland, and Port Wash¬ 
ington, New York; Dr. Stig Ekelbf, Pro¬ 
fessor of Theoretical Electricity and 
Electrical Measurements, Chalmers 
Tekniska Hbgskola, Gothenburg, Swe¬ 
den, and Mr. P. Poppe of Oslo 
Lysverker, Oslo, Norway; Dr. R. W. 
Guelke of the South African National 
Physical Laboratory, Pretoria, South 
Africa; and Professor F. Dacos, Insti¬ 
tute Montefiore, Liege, Belgium. 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TROWBRIDGE 4400 


BRANCH ENGINEERING OFFICES 


NEW YORK 6. NEW YORK 
90 WEST STREET 
TEL.—WORTH 2 SI37 


LOS ANGELES 31, CALIFORNIA 
950 NORTH HIGHLANO AVENUE 
TEL.—HOLLYWOOO 6201 


CHICAGO 5. ILLINOIS 
920 SOUTH MICHIGAN AVENUE 
TEL.-WABASH 3920 
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